To evaluate sample degradation during XPS measurement, a round-robin test involving five laboratories was carried out with four kinds of samples such as cellulose nitrate (NC), polyvinyl chloride (PVC), silicon wafer modified with chloropropyltriethoxysilane (CPTES-Si) and gold substrate modified with 1H, 1H, 2H, 2H-perfluorodecanethiol (PFDT-Au) as model samples. In each sample, the degradation behavior followed first-order kinetics with respect to the relative dose provided by the peak intensity of either Ag 3d5/2 or Au 4f derived from Ag or Au substrates, respectively, as an index of X-ray dose. The result shows that the rank order of the damaging factors of samples was almost the same in each apparatus, but the obtained values were different among the apparatuses. On the other hand, from comparison of Au and Ag substrates for calculating relative X-ray dose, it can be seen that the damaging factors using those two metal substrates are almost equivalent. Considering the convenience in handling and the sputtering process, we concluded that Au substrate is more suitable for an index material to estimate relative X-ray dose. Furthermore, the relative damaging factor RDF, i.e. the damaging factor of each material divided by that of PFDT-Au as a reference material, did not depend on the difference of the apparatuses, and indicated close value for each sample, suggesting that the RDF should have universality and provide an useful information for evaluating sample degradation. Thus, the construction of that database would allow the prediction of the sample degradation by measuring degradation behavior of PFDT-Au as a reference material.
Introduction
In the field of surface analysis, X-ray photoelectron spectroscopy (XPS) has been recognized as a powerful technique for the determination of both surface chemical composition and depth profile of elements in samples including nanoparticles [1] [2] [3] , organic / inoragnic hybrid materials [4] [5] [6] , self-assembled organic monolayers [7] [8] [9] and biomolecules [10] [11] [12] [13] [14] .
On the other hand, the degradation of organic samples during XPS measurements has always been considered as an important issue because the surfaces of many organics are influenced by measurement environments such as X-ray irradiation, heat radiation from filament, photoelectrons generated from the sample itself, bremsstrahlung radiation of the nonmonochromated X-ray, and so on. In addition, the sample degradation also depends on instrument settings such as the X-ray source and its energy, the angle between the X-ray source and the sample surface, and the measuring point viewed by the analyzer and the acceptance solid angle of the analyzer if the degree of sample degradation changes two-dimensionally. Therefore, it is difficult to obtain and compare the information on the quantities of elements derived from the measured photoelectron intensities among different instruments. In order to obtain reliable and quantitative results, it is essential to confirm the surface damage behavior for each sample and setting and to measure within a limited time during which the surface damage is negligible. Also, the criterion as a guide for evaluation of sample degradations under various conditions and instruments is desired.
In recent years, we have investigated damages of organic materials in XPS using several kinds of materials such as organic polymers and self-assembled monolayers (SAMs) as an activity of an Organic Materials Group in Surface Analysis Society of JAPAN (SASJ) [15] [16] [17] [18] [19] [20] [21] [22] . The previous studies have provided some useful information for our round-robin test in this study as follows: 1) The relation between degradation rate and X-ray source flux suggests that X-ray induced degradation process of a sample can be treated as a first-order kinetics [15] [16] [17] [18] [19] [20] [21] . 2) Use of relative X-ray dose D, which is Ag 3d5/2 area intensity of Ag substrate multiplied by X-ray irradiation time of sample measurement, has been proposed and its availability is confirmed as an index of X-ray dose, because it is difficult to measure absolute X-ray dose actually [15] [16] [17] [18] [19] [20] .
3) The degradation of SAMs exhibits first-order kinetics and the degradation products from SAMs do not contaminate the vacuum chamber [18] [19] [20] . 4) Thickness of oxide layer on a silicon wafer affected the degradation rate of SAMs [18] . Based on these results, a round-robin test involving five laboratories was carried out to evaluate the sample degradation by comparing four kinds of samples such as cellulose nitrate (NC), polyvinyl chloride (PVC), silicon wafer modified with chloropropyltriethoxysilane (CPTES-Si) and Au substrate modified with 1H,1H,2H,2H-perfluorodecanethiol (PFDT-Au).
In this round-robin project, we assessed the evaluation method of peak intensity reduction with and without relative X-ray dose calculated from Ag 3d5/2 or Au 4f peak intensity and X-ray irradiation time, and the usefulness of relative damaging factor RDF, i.e. the damaging factor of each material divided by that of reference material.
Experimental 2.1 Sample preparation
Cellulose nitrate (NC) was purchased from Advantec. Co., Ltd. and polyvinyl chloride (PVC) was purchased from Morino Chemical Engineering Co., Ltd. NC and PVC were cut into small pieces and cleaned by using compressed air to remove any dust before XPS measurement. 1H,1H,2H,2H-perfluorodecanethiol (PFDT) and chloropropyltriethoxysilane (CPTES) were purchased from Wako Chemicals, and used as surface modification reagents for Au substrate and silicon wafer, respectively.
PFDT on Au substrate (PFDT-Au) was prepared as follows: Au substrates (higher than 99.95%, 0.5 x 10 x 10 mm, some pieces were kindly supplied from Mitsubishi Materials Co. and others were purchased from Nilaco Corp.) were highly polished with alumina sandpaper and cleaned by using an ultrasonic cleaner with isopropyl alcohol. And then PFDT-Au was prepared by immersing the clean substrate into 1mM PFDT in ethanol solution for over a day under nitrogen atmosphere. The substrate was rinsed with excess amounts of ethanol, hexane and acetone. The PFDT-Au was stored in a desiccator until used.
The CPTES-treated silicon wafer (CPTES-Si) was prepared as reported by M. Sato et al. [18, 20] . Before the silane treatment, the silicon wafer substrates were cleaned in detergent and thoroughly rinsed with water several times, then cleaned ultrasonically in water and dried in vacuum. Thereafter the substrates were placed into the mixture (H 2 O 2 : NH 4 OH : H 2 O = 1 : 1: 6) and kept at 80 ºC for 30 minutes to eliminate any organic contaminants on its surface. The clean substrates were again rinsed with water and then dried in vacuum. CPTES-Si was prepared by immersing the clean substrate into 2 %(v/v) CPTES in hexane solution for 6 h, followed by washing with ethanol, hexane and acetone. After drying in a vacuum, the monolayer samples were used for XPS measurements as soon as possible.
For the estimation of relative X-ray dose, Au substrates were the same as those used for the PFDT-Au and Ag substrate was that each laboratory had. These substrates were polished, washed and Ar-ion etched in the XPS chamber as indicated in the recipe.
XPS measurement
This round-robin test was carried out in five laboratories, and the conditions of each instrument for XPS measurements are summarized in Table 1. XPS measurements were carried out using a depth
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profile mode or other similar acquisition modes without sputtering to obtain the change of peak intensity in each sample. To evaluate the effect of the integrated X-ray flux to the sample surface, i.e. the X-ray dose, the Ag 3d5/2 and/or Au 4f peak intensities were measured using Ag and Au substrates, respectively, just after Ar ion sputtering. The analysis conditions for the sample damaging and X-ray dose measurements were exactly the same. Figure 1 shows the profile montage of F 1s, C 1s, and Au 4f of the PFDT-Au. It was found that the F 1s peak intensity originated in PFDT monolayer on the surface of Au substrate decreased with increasing measurement cycle (measurement time). In the C 1s spectra, area intensity corresponding to CH 2 did not decrease, whereas area intensities of the peaks corresponding to CF 3 group (293 eV) and CF 2 group (291 eV) decreased. On the other hand, Au 4f peak intensity, which corresponds to the photoelectrons emitted from the Au substrate, increased with increasing measurement cycle. This increase in photoelectrons leaving the Au substrate is due to the fact that the monolayer, which suppresses the photoelectron generated from Au surface, degraded during XPS measurement. Figure 2 shows typical results for the change in the particular peaks of CPTES-Si, NC and PVC with time. Upon exposure to X-ray irradiation, a monotonic loss in intensity associated with the Cl 2p of the CPTES-Si and PVC was observed. In a NC sample, N 1s peak corresponding to nitro group also decreased with measurement cycle. In each case, the sample degradation occurred during XPS measurements. Although these degradation behaviors may be affected by the low energy electrons for neutralization and by the evaporation of volatile materials like the stabilizer in polymer materials at high vacuum environment, one of objectives in this work is to evaluate the peak intensity change by the degradation including chemical bond dissociation, evaporation of volatile materials and so on.
Results and Discussions
To estimate the damage quantitatively, first order reaction kinetics was applied by assuming that the degradation rate of a sample is proportional to both the amount of X-ray dose and the density of an element in a sample. The natural logarithm of the peak area intensity, which was normalized against the initial value of the peak intensity calculated by extrapolation, were plotted as a function of the relative X-ray dose, provided by the peak intensity of either Ag 3d5/2 or Au 4f derived from Ag or Au substrate, respectively, as an index of X-ray dose. Figure 3 shows an example of the semi logarithm plots obtained from Fig. 1 according to the following equation [16, 17, 19, 20] :
where  is the 'damaging factor', D Au is relative X-ray dose, I Au is peak intensity of Au 4f, k is the degradation rate constant, and t is the X-ray irradiation time. The relation between ln(I F1s /I 0 F1s ) and D Au is nearly straight up to -0.5 of the former which corresponds to 60 % of the initial peak intensity. The value of damaging factor calculated from the slope was 3.8610 -10 cps Tables 2 and 3 , respectively. It can be seen that the estimated factors are different among 5 laboratories because the values of the damaging factor were obtained by using different apparatuses with different analytical conditions. Therefore, the damaging factors obtained by different apparatuses cannot be directly compared. Also, the damaging factors change by selecting substrates to calculate relative X-ray because the peak intensities, i.e. photoionization cross sections, of Ag 3d5/2 and Au 4f are different with each other.
Next, PFDT-Au is regarded as a reference material for damage evaluation, and relative damaging factor RDF, which is defined as the damaging factor of a sample divided by that of PFDT-Au, was calculated for each sample and listed in Tables 4 and 5 . The RDF does not depend on the difference of the apparatuses and indicates a close value with each sample. From these results, it was confirmed that the RDF takes a specific value to the material without depending on XPS apparatus. Moreover, from comparisons between Au and Ag substrates for calculating relative X-ray dose, it can be seen as shown in Tables 4 and 5 that the values of each sample obtained by using two kinds of the substrates are almost equivalent. In the use of Ag substrate, a sputtering process is recommended as a pretreatment to eliminate the naturally formed oxide layer and contaminants on the surface. On 
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PFDT-Au (F 1s) Table 4 Comparison of the relative damaging factors R  normalized by PFDT-Au using the relative X-ray dose value derived from Ag 3d5/2 peak intensity.
PFDT-Au (F 1s) 
−8− the other hand, because no oxide layer was formed on the surface of Au substrate, the Au surface can be easily cleaned by etching to remove contaminants on the surface. Considering the convenience in handling and the sputtering process, we concluded that Au substrate is more suitable for obtaining the relative X-ray dose. Incidentally, one should note that we could also obtain RDF using degradation rate constants, k, as follows.
where the subscript 'Ref' in Eq. (2) means the values for reference material. The RDF calculated with damaging factors will be more useful than that calculated with degradation rate constants because the process to measure the RDFs gives important information about the differences among each XPS apparatus. The average values and standard deviations of the RDF for each sample shown in Tables 4 and  5 are summarized in Table 6 . These results suggest that RDFs are practically useful to predict the characteristics of sample damage in XPS measurement as described below.
As a guide to optimize acquisition time by using RDF, R  , X-ray irradiation time that gives 10% degradation of a sample, t 0.1 , can be derived as the following procedure.
As 10% degradation means 90% peak intensity of that of initial value, following equations are derived from Eq. (1) 
where I Au is the Au 4f peak intensity of Au substrate for calculating relative X-ray dose. From Eqs. (2) against a small change of X-ray power [16] .
In this way, RDF, i.e. R  , provides a useful information for evaluating sample degradation, and construction of the database of RDFs would allow the prediction of the sample degradation by measuring degradation behavior of a reference material (PFDT-Au).
As a reference material, it is important to verify the reproducibility and the durability. 
s
-1 including the data of sample as prepared with the condition of monochromated Al K X-ray source and using Ag substrate for the relative X-ray dose (Lab. D1).
Conclusion
We propose a new guide using relative damaging factor and PFDT-Au as a reference material to estimate sample degradation during XPS measurements in round robin investigation. The following conclusions can be drawn: Table 6 The average value and standard deviation of the relative damaging factor for each sample using Ag 3d5/2 and Au 4f peak intensities to calculate the relative X-ray dose. 1) The same rank order of the damaging factors obtained from four kinds of samples in each apparatus was observed. 2) The relative damaging factor, RDF, which is the damaging factor standardized by that of PFDT-Au takes a specific value to the material without depending on XPS apparatus. 3) Au 4f peak of Au substrate is also suitable for obtaining relative X-ray dose as well as Ag 3d5/2 of Ag substrate, because the RDF of each sample was almost same for both substrates.
In conclusion, RDFs using PFDT-Au as a reference material provide useful information for evaluating sample degradation, and construction of the database would allow the prediction of the sample degradation by measuring degradation behavior of PFDT-Au.
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This paper reporting the quantification and standardization of sample damage caused by X-ray radiation is worth publishing. However, before being recommended for publication some modifications are requested.
［査読者 1-1］
Are the other experimental conditions affecting the decrease in peak intensity, such as low energy electrons for neutralization and vacuum environment, taken into consideration? In the case of insulated samples, the flood gun is needed to neutralize. Electron irradiation may cause the sample degradation. In the case of volatile samples, keeping in the UHV chamber will lead to decrease in intensity without any radiations.
［著者］
One of the objectives in this work is to evaluate the peak intensity change by the degradation including chemical bond dissociation, evaporation of volatile materials and so on. Furthermore, the volatile materials will contain no nitrogen and chlorine atoms. In the document, the following sentences are inserted in the second paragraph in "Results and Discussions". "Although these degradation behaviors may be affected by the low energy electrons for neutralization and by the evaporation of volatile materials like the stabilizer in polymer materials at high vacuum environment, one of objectives in this work is to evaluate the peak intensity change by the degradation including chemical bond dissociation, evaporation of volatile materials and so on."
［査読者 1-2］
In the 4th paragraph of Introduction, useful information 1)-4) provided by the previous studies is cited. Add the references to 1)-4) individually.
［著者］
As commented, references are added to 1)-4) individually.
［査読者 1-3］
In Sample preparation, add the details of Au and Ag substrates used in this study. Au or Ag substrates are very important to estimate the relative X-ray dose.
［著者］
Second paragraph in "Sample and preparation" was changed, and last paragraph was inserted for the preparation of Au and Ag substrates.
［査読者 1-4］
What is the meaning of "mild etching" to clean the Au substrate? Add the details.
［著者］
For the simple description, we removed the phrase of "mild etching" and the second paragraph of "XPS measurement" was changed.
［査読者 1-5］
In Table 1 , Labs. A and B use the scanning XPS instruments. How about the conditions of the X-ray beam? Add the details such as beam diameter and probing mode.
［著者］
The information is described in Table 1 ［査読者
1-6］
In the last paragraph of Results, the reproducibility and durability are discussed. For practical usage, the reproducibility and durability of reference materials are very important, as you described. Are there any advantages of PFDT-Au in the reproducibility and durability?
［著者］
We did not study the advantages of PFDT-Au comparing with other SAMs. However, PFDT is used for the research works in some fields and is easily purchased, and Au is easily modified with thiol derivatives.
［査読者 1-7］
For the reader's help, give the specific value of t 0.1
Ref .
In practical surface analysis, the order of t 0.1 Sample is very important to prevent from the severe sample degradation.
［著者］
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